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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to fluid-filled blad-
ders that may be incorporated into footwear or a variety
of other products. The fluid-filled bladders may include,
for example, a barrier that encloses a foam tensile mem-
ber.

Description of Background Art

[0002] A conventional article of athletic footwear in-
cludes two primary elements, an upper and a sole struc-
ture. The upper provides a covering for the foot that se-
curely receives and positions the foot with respect to the
sole structure. In addition, the upper may have a config-
uration that protects the foot and provides ventilation,
thereby cooling the foot and removing perspiration. The
sole structure is secured to a lower surface of the upper
and is generally positioned between the foot and the
ground. In addition to attenuating ground reaction forces
and absorbing energy (i.e., imparting cushioning), the
sole structure may provide traction and control potentially
harmful foot motion, such as over pronation. Accordingly,
the upper and the sole structure operate cooperatively
to provide a comfortable structure that is suited for a wide
variety of ambulatory activities, such as walking and run-
ning. The general features and configuration of the upper
and the sole structure are discussed in greater detail be-
low.

[0003] The sole structure of athletic footwear generally
exhibits a layered structure that includes a comfort-en-
hancing insole, a resilient midsole formed from a polymer
foam, and a ground-contacting outsole that provides both
abrasion-resistance and traction. Suitable polymer foam
materials for the midsole include ethylvinylacetate or
polyurethane that compress resiliently under an applied
load to attenuate ground reaction forces and absorb en-
ergy. Conventional foam materials are resiliently com-
pressible, in part, due to the inclusion of a plurality of
open or closed cells that define an inner volume substan-
tially displaced by gas. Thatis, the foam includes bubbles
formed in the material that enclose the gas. Following
repeated compressions, however, the cell structure may
deteriorate, thereby resulting in decreased compressibil-
ity of the foam. Thus, the force attenuation and energy
absorption characteristics of the midsole may decrease
over the lifespan of the footwear.

[0004] Oneway to overcome the drawbacks of utilizing
conventional foam materials is disclosed in U.S. Patent
Number 4,183,156 to Rudy, in which cushioning is pro-
vided by inflatable inserts formed of elastomeric materi-
als. The inserts include a plurality of tubular chambers
that extend substantially longitudinally throughout the
length of the footwear. The chambers are in fluid com-
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munication with each other and jointly extend across the
width of the footwear. U.S. Patent Number 4,219,945 to
Rudy, discloses an inflated insert encapsulated in a foam
material. The combination of the insert and the encap-
sulating material functions as a midsole. An upper is at-
tached to the upper surface of the encapsulating material
and an outsole or tread member is affixed to the lower
surface.

[0005] Such bladders are generally formed of an elas-
tomeric material and are structured to have an upper or
lower surface that encloses one or more chambers ther-
ebetween. The chambers are pressurized above ambi-
ent pressure by inserting a nozzle or needle connected
to a fluid pressure source into a fill inlet formed in the
bladder. After the chambers are pressurized, the fill inlet
is sealed, for example, by welding, and the nozzle is re-
moved.

[0006] Bladders of this type have been manufactured
by a two-film technique, in which two separate sheets of
elastomeric film are formed to exhibit the overall periph-
eral shape of the bladder. The sheets are then welded
together along their respective peripheries to form a
sealed structure, and the sheets are also welded together
at predetermined interior areas to give the bladder a de-
sired configuration. That is, the interior welds provide the
bladder with chambers having a predetermined shape
and size at desired locations. Such bladders have also
been manufactured by a blow-molding technique, where-
in a liquefied elastomeric material is placed in a mold
having the desired overall shape and configuration of the
bladder. The mold has an opening at one location through
which pressurized air is provided. The pressurized air
forces the liquefied elastomeric material against the inner
surfaces of the mold and causes the material to harden
in the mold, thereby forming a bladder with the desired
shape and configuration.

[0007] Another type of prior art bladder suitable for
footwear applications is disclosed in U.S. Patent Num-
bers 4,906,502 and 5,083,361, both to Rudy. This type
of bladder is formed as a fluid pressurized and inflated
structure that comprises a hermetically sealed outer bar-
rier layer which is securely fused substantially over the
entire outer surfaces of a tensile member having the con-
figuration of a double-walled fabric core. The tensile
member is comprised of first and second outer fabric lay-
ers that are normally spaced apart from one another at
a predetermined distance. Connecting or drop yarns, po-
tentially in the form of multi-filament yarns having many
individual fibers, extend internally between the proximal
or facing surfaces of the respective fabric layers. The
filaments of the drop yarns form tensile restraining means
and are anchored to the respective fabric layers. A suit-
able method of manufacturing the double walled fabric
structure is double needle bar raschel knitting.

[0008] U.S. Patent Numbers 5,993,585 and
6,119,371, both issued to Goodwin et al., disclose a blad-
der utilizing a tensile member, but without a peripheral
seam located midway between the upper and lower sur-
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faces of the bladder. Instead, the seam is located adja-
cent to the upper surface of the bladder. Advantages in
this design include removal of the seam from the area of
maximum sidewall flexing and increased visibility of the
interior of the bladder, including the connecting yarns.
The process utilized to form a bladder of this type involves
the formation of a shell, which includes a lower surface
and a sidewall, with a mold. A tensile member is placed
on top of a covering sheet, and the shell, following re-
moval from the mold, is placed over the covering sheet
and tensile member. The assembled shell, covering
sheet, and tensile member are then moved to a lamina-
tion station where radio frequency energy fuses opposite
sides of the tensile member to the shell and covering
sheet and fuses a periphery of the shell to the covering
sheet. The bladder is then pressurized by inserting a fluid
so as to place the connecting yarns in tension.
EP-A-884006 discloses a bladder according to the pre-
amble of claim 1.

[0009] While the cushioning benefits of bladders in ar-
ticles of footwear are well documented, the prior art meth-
ods of producing bladders utilizing a double-walled fabric
core have made them costly and time consuming to man-
ufacture. For example, the double-walled fabric core is
typically secured within the bladder by attaching a layer
of thermally activated fusing agent to the outer surfaces
of the core, and then heating the bladder components to
cause the fusing agent to melt, thereby securing the core
the outer layers of the bladder. In practice, it is time con-
suming to add the fusing agent to the outer surfaces of
the core and requires additional manufacturing steps,
thereby increasing overall cost. Accordingly, the art re-
quires a simple, more cost-effective bladder with a tensile
member. In addition to other benefits that will become
apparent from the following disclosure, the present in-
vention fulfills this need.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a bladder
comprising: a sealed barrier defining an interior volume
and formed of a polymer sheet material, the barrier hav-
ing: afirst portion that forms a first surface of the bladder,
a second portion that forms an opposite second surface
of the bladder, and a sidewall portion that that extends
between the first portion and the second portion to form
a sidewall of the bladder; a tensile member located within
the interior volume and bonded to the first portion and
the second portion of the barrier, the tensile member be-
ing formed of a polymer foam material, and the tensile
member including afirstlayer spaced from a second layer
and connected by a plurality of columns, the first layer
having an upper surface, the upper surface being bonded
to substantially all of the first portion of the bladder and
the second layer having a lower surface, the lower sur-
face being bonded to substantially all of the second por-
tion of the bladder; and a fluid located within the interior
volume, the fluid being pressurized to place an outward
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force upon the barrier and induce tension in at least a
portion of the tensile member.

In another aspect of the invention there is provided an
article of footwearincluding an upperand a sole structure.
The upper defines an interior void for receiving a foot,
and the sole structure is secured to the upper. The sole
structure incorporates the bladder of the present inven-
tion.

The advantages and features of novelty characterizing
the present invention are pointed out with particularity in
the appended claims. To gain an improved understand-
ing of the advantages and features of novelty, however,
reference may be made to the following descriptive mat-
ter and accompanying drawings that describe and illus-
trate various embodiments and concepts related to the
invention.

DESCRIPTION OF THE DRAWINGS

[0011] The foregoing Summary of the Invention, as
well as the following Detailed Description of the Invention,
will be better understood when read in conjunction with
the accompanying drawings.

[0012] Figure 1is alateral elevational view of an article
of footwear incorporating a first bladder which is a refer-
ence example that does not fall within the scope of the
present invention.

[0013] Figure 2 is a perspective view of the first blad-
der.

[0014] Figure 3 is a side elevational view of the first
bladder.

[0015] Figure 4 is a top plan view of the first bladder.
[0016] Figure 5A is a first cross-sectional view of the

firstbladder, as defined along section line 5A-5A in Figure
4.

[0017] Figure 5B is a second cross-sectional view of
the first bladder, as defined along section line 5B-5B in
Figure 4.

[0018] Figure 6 is a perspective view of a tensile mem-
ber portion of the first bladder.

[0019] Figure 7 is a perspective view of a second blad-
der in accordance with the present invention.

[0020] Figure 8 is a side elevational view of the second
bladder.

[0021] Figure 9 is a top plan view of the second blad-
der.

[0022] Figure 10A is a first cross-sectional view of the
second bladder, as defined along section line 10A-10A
in Figure 9.

[0023] Figure 10B is a second cross-sectional view of
the second bladder, as defined along section line 10B-
10B in Figure 9.

[0024] Figure 11 is a perspective view of a tensile
member portion of the second bladder.

[0025] Figure 12 is a lateral elevational view of an ar-
ticle of footwear incorporating a third bladder in accord-
ance with the present invention.

[0026] Figure 13 is a perspective view of the third blad-
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der.
[0027]
bladder.
[0028]
bladder.
[0029]
bladder.
[0030] Figure 17 is atop plan view of the third bladder.
[0031] Figure 18Ais a first cross-sectional view of the
third bladder, as defined along section line 18A-18A in
Figure 17.

[0032] Figure 18B is a second cross-sectional view of
the third bladder, as defined along section line 18B-18B
in Figure 17.

[0033] Figure 19 is a perspective view of a tensile
member portion of the third bladder.

[0034] Figure 20 is a perspective view of a fourth blad-
der in accordance with the present invention.

[0035] Figure 21 is a side elevational view of the fourth
bladder.

[0036] Figure 22A is a first cross-sectional view of the
fourth bladder, as defined along section line 22A-22A in
Figure 21.

[0037] Figure 22B is a second cross-sectional view of
the fourth bladder, as defined along section line 22B-22B
in Figure 21.

[0038] Figure 23 is a perspective view of a tensile
member portion of the fourth bladder.

[0039] Figure 24 is a perspective view of a fifth bladder
which does not fall within the scope of the present inven-
tion.

[0040] Figure 25 is a side elevational view of the of the
fifth bladder.

[0041] Figure 26A is a first cross-sectional view of the
fifth bladder, as defined along section line 26A-26A in
Figure 25.

[0042] Figure 26B is a second cross-sectional view of
the fifth bladder, as defined along section line 26B-26B
in Figure 25.

[0043] Figure27isa perspective view of a sixth bladder
in accordance with the present invention.

[0044] Figure 28 is a side elevational view of the of the
sixth bladder.

[0045] Figure 29A is a first cross-sectional view of the
sixth bladder, as defined along section line 29A-29A in
Figure 28.

[0046] Figure 29B is a second cross-sectional view of
the sixth bladder, as defined along section line 29B-29B
in Figure 28.

Figure 14 is a side elevational view of the third
Figure 15 is a front elevational view of the third

Figure 16 is a back elevational view of the third

DERAILED DESCRIPTION OF THE INVENTION

[0047] The following discussion and accompanying
figures disclose various articles of athletic footwear in-
corporating a fluid-filled bladder. Concepts related to the
footwear, and more particularly the fluid-filled bladders,
are disclosed with reference to footwear having a con-
figuration that is suitable for running. The invention is not
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solely limited to footwear designed for running, however,
and may be applied to a wide range of athletic footwear
styles, including basketball shoes, cross-training shoes,
walking shoes, tennis shoes, soccer shoes, and hiking
boots, for example. In addition, the invention may also
be applied to footwear styles that are generally consid-
ered to be non-athletic, including dress shoes, loafers,
sandals, and work boots. Accordingly, one skilled in the
relevant art will recognize that the concepts disclosed
herein apply to a wide variety of footwear styles, in ad-
dition to the specific style discussed in the following ma-
terial and depicted in the accompanying figures.

[0048] In addition to footwear, the fluid-filled bladder
may be incorporated into a variety of other products, in-
cluding straps for carrying backpacks and golf bags,
cushioning pads for football or hockey, or bicycle seats,
for example. Although the fluid-filled bladder is suited for
various types of athletic products, the fluid-filled bladder
may also be incorporated into various non-athletic prod-
ucts, such asinflatable mattresses and pressure-sensing
seat cushions, for example. Accordingly, the various flu-
id-filled bladders disclosed below with respect to foot-
wear may be used in connection with a variety of prod-
ucts.

[0049] An article of footwear 10 is depicted in Figure
1andincludes an upper 20 and a sole structure 30. Upper
20 has a substantially conventional configuration and in-
cludes a plurality elements, such as textiles, foam, and
leather materials, that are stitched or adhesively bonded
together to form an interior void for securely and com-
fortably receiving the foot. Sole structure 30 is positioned
below upper 20 and includes two primary elements, a
midsole 31 and an outsole 32. Midsole 31 is secured to
alower surface of upper 20, through stitching or adhesive
bonding for example, and operates to attenuate forces
and absorb energy as sole structure 30 impacts the
ground. That is, midsole 31 is structured to provide the
foot with cushioning during walking or running, for exam-
ple. Outsole 32 is secured to a lower surface of midsole
31 and is formed of a durable, wear-resistant material
that is suitable for engaging the ground. In addition, sole
structure 30 may include an insole (not depicted), which
is a thin cushioning member, located within the void and
adjacent to the plantar surface of the foot to enhance the
comfort of footwear 10.

[0050] Midsole 31 is primarily formed of a polymer
foam material, such as polyurethane or ethylvinylacetate,
that encapsulates a fluid-filled bladder 40 which is a ref-
erence example that does not fall within the scope of the
present invention. As depicted in Figure 1, bladder 40 is
positioned in a heel region of midsole 31, but may be
positioned in any region of midsole 31 to obtain a desired
degree of cushioning response. Furthermore, midsole 31
may encapsulate multiple fluid-filled bladders having the
general configuration of bladder 40. Bladder 40 may be
only partially encapsulated within midsole 31 or entirely
encapsulated within midsole 31. For example, portions
of bladder 40 may protrude outward from a side surface
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of midsole 31, or an upper surface of bladder 40 may
coincide with an upper surface of midsole 31. Alternately,
midsole 31 may extend over and entirely around bladder
40. Accordingly, the position of bladder 40 with respect
to footwear 10 may vary significantly.

[0051] The primary elements of bladder 40, as depict-
ed in Figures 2-6, are an outer barrier 50 and a tensile
member 60. Barrier 50 includes a first barrier layer 51
and a second barrier layer 52 that are substantially im-
permeable to a pressurized fluid contained by bladder
40. The pressurized fluid will, therefore, generally remain
sealed within bladder 40 for a duration that includes the
expected life of footwear 10. First barrier layer 51 and
second barrier layer 52 are bonded together around their
respective peripheries to form a peripheral bond 53 and
cooperatively form a sealed chamber, in which tensile
member 60 and the pressurized fluid are located.
[0052] Tensile member 60 is a foam element that is
bonded to each of first barrier layer 51 and second barrier
layer 52. The upper and lower surface of tensile member
60 are generally planar and parallel, and tensile member
60 is depicted as having a continuous configuration that
does not include any apertures or other discontinuities.
In further embodiments of the invention, the upper and
lower surface of tensile member 60 may be non-planar
and non-parallel, and various apertures may extend
through or partially through tensile member 60. In addi-
tion, the density or compressibility of the material forming
various portions of tensile member 60 may vary. For ex-
ample, the portion of tensile member 60 located in a lat-
eral area of footwear 10 may exhibit a different density
than the portion of tensile member 60 located in a medial
area of footwear 10 in order to limit the degree of prona-
tion in the foot during running.

[0053] The pressurized fluid contained by bladder 40
induces an outward force upon barrier 50 and tends to
separate or otherwise press outward upon first barrier
layer 51 and second barrier layer 52. In the absence of
tensile member 60, the outward force induced by the
pressurized fluid would impart a rounded or otherwise
bulging configuration to bladder 40. Tensile member 60,
however, is bonded to each of first barrier layer 51 and
second barrier layer 52 and restrains the separation of
first barrier layer 51 and second barrier layer 52. Accord-
ingly, tensile member 60 is placed in tension by the fluid
and retains the generally flat configuration of bladder 40
that is depicted in the figures.

[0054] As discussed above, tensile member 60 is
bonded to each of first barrier layer 51 and second barrier
layer 52. A variety of bonding methods may be employed
to secure barrier 50 and tensile member 60 together, and
the bonding methods may be at least partially determined
by the materials selected for each of barrier 50 and tensile
member 60. For example, an adhesive may be utilized
to bond the components when barrier 50 is formed from
a thermoplastic polymer material and tensile member 60
is formed from a thermoset polymer material. When at
least one of barrier 50 and tensile member 60 are formed
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from a thermoplastic polymer material, however, direct
bonding may be an effective manner of securing barrier
50 and tensile member 60.

[0055] The term "direct bond", or variants thereof, is
defined as a securing technique between barrier 50 and
tensile member 60 that involves a melting or softening
of at least one of barrier 50 and tensile member 60 such
that the materials of barrier 50 and tensile member 60
are secured to each other when cooled. In general, the
direct bond may involve the melting or softening of both
barrier 50 and tensile member 60 such that the materials
diffuse across a boundary layer between barrier 50 and
tensile member 60 and are secured together when
cooled. The direct bond may also involve the melting or
softening of only one of barrier 50 and tensile member
60 such that the molten material extends into crevices or
cavities formed by the other material to thereby secure
the components together when cooled. Accordingly, a
direct bond between barrier 50 and tensile member 60
does not generally involve the use of adhesives. Rather,
barrier 50 and tensile member 60 are directly bonded to
each other.

[0056] A variety of thermoplastic polymer materials
may be utilized for barrier 50, including polyurethane,
polyester, polyester polyurethane, and polyether poly-
urethane. Another suitable material for barrier 50 is a film
formed from alternating layers of thermoplastic poly-
urethane and ethylene-vinyl alcohol copolymer, as dis-
closed in U.S. Patent Numbers 5,713,141 and 5,952,065
to Mitchell et al. A variation upon this material wherein
the center layer is formed of ethylene-vinyl alcohol co-
polymer; the two layers adjacent to the center layer are
formed of thermoplastic polyurethane; and the outer lay-
ers are formed of a regrind material of thermoplastic poly-
urethane and ethylene-vinyl alcohol copolymer may also
be utilized. Barrier 50 may also be formed from a flexible
microlayer membrane that includes alternating layers of
a gas barrier material and an elastomeric material, as
disclosed in U.S. Patent Numbers 6,082,025 and
6,127,026 to Bonk et al. In addiction, numerous thermo-
plastic urethanes may be utilized, such as PELL,BTfl-
ANE, a product of the Dow Chemical Company; ELAS-
TOLLAN, a product of the BASF Corporation; and ES-
TANE, a product of the B.F. Goodrich Company, all of
which are either ester or ether based. Still other thermo-
plastic urethanes based on polyesters, polyethers, poly-
caprolactone, and polycarbonate macrogels may be em-
ployed, and various nitrogen blocking materials may also
be utilized. Additional suitable materials are disclosed in
U.S. Patent Numbers 4,183,156 and 4,219,945 to Rudy.
Further suitable materials include thermoplastic films
containing a crystalline material, as disclosed in U.S. Pat-
entNumbers 4,936,029 and 5,042,176 to Rudy, and poly-
urethane including a polyester polyol, as disclosed in
U.S. Patent Numbers 6,013,340; 6,203,868; and
6,321,465 to Bonk et al.

[0057] Boththermoplastic and thermoset polymer ma-
terials may be utilized for barrier 50. An advantage of
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utilizing a thermoplastic polymer material over a thermo-
set polymer material for barrier 50 is that first barrier layer
51 and second barrier layer 52 may be bonded together
through the application of heat at the position of periph-
eral bond 53. In addition, first barrier layer 51 and second
barrier layer 52 may be heated and stretched to conform
to the desired shape of barrier 50. Whereas first barrier
layer 51 forms the upper surface of bladder 40, second
barrier layer 52 forms both the lower surface and a ma-
jority of a sidewall of bladder 40. This configuration po-
sitions peripheral bond 53 adjacent to the upper surface
and promotes visibility through the sidewall. Alternately,
peripheral bond 53 may be positioned adjacent to the
lower surface or at a location that is between the upper
surface and the lower surface. Peripheral bond 53 may,
therefore, extend through the sidewall such that both first
barrier layer 51 and second barrier layer 52 form sub-
stantially equal portions of the sidewall. Accordingly, the
specific configuration of barrier 50 and the position of
peripheral bond 53 may vary significantly.

[0058] A variety of foam materials are suitable for ten-
sile member 60. Thermoset polymer foams, including
polyurethane and ethylvinylacetate, may be utilized with
an adhesive or when the direct bond involves the melting
or softening of barrier 50 such that the molten material
extends into cavities formed by the foamed cells of tensile
member 60. When both barrier 50 and tensile member
60 are formed of a thermoplastic polymer foam, the ma-
terials forming both components may be melted or sof-
tened such that the materials diffuse across a boundary
layer between barrier 50 and tensile member 60 and are
secured together upon cooling. Direct bonding may,
therefore, occur between barrier 50 and tensile member
60 whethertensile member 60 is formed from a thermoset
or thermoplastic polymer foam. Thermoplastic polymer
foams also exhibit an advantage of having greater tear
and shear properties than thermoset polymer foams, and
thermoplastic polymer foams are reusable or recyclable.
[0059] With regard to thermoplastic polymer foams,
one suitable material is manufactured by Huntsman In-
ternational, L.L.C. under the SMARTLITE trademark. A
suitable version of this thermoplastic polyurethane foam
exhibits a density of 0.65 grams per cubic centimeter and
a hardness of 57 on the Shore A scale. A thermoplastic
polyurethane foam exhibiting a density of 0.50 grams per
cubic centimeter and a hardness of 85 on the Shore A
scale may also be utilized. Accordingly, the density and
hardness of suitable polymer foams may vary significant-
ly Another suitable material is produced through a proc-
ess developed by Trexel, Incorporated and marketed un-
derthe MUCELL trademark. The process involves inject-
ing a supercritical fluid, such as carbondioxide or nitro-
gen, into a thermoplastic polyurethane. A large number
of nucleation sites are then formed in the thermoplastic
polyurethane through a substantial and rapid pressure
drop. The controlled growth of cells is achieved through
monitoring of the pressure and temperature following the
pressure drop, and the thermoplastic polyurethane is in-
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jected into a mold to form tensile member 60.

[0060] The fluid contained by bladder 40 may be any
ofthe gasses disclosed in U.S. Patent Number 4,340,626
to Rudy, such as hexafluoroethane and sulfur hexafluo-
ride, for example. In addition, the fluid may include pres-
surized octafluorapropane, nitrogen, and air. The pres-
sure of the fluid may range from a gauge, pressure of
zero to fifty pounds per square inch, for example.
[0061] Withreference to Figure 1, bladder40 s atleast
partially encapsulated by the polymer foam material of
midsole 31. During walking, running, or other ambulatory
activities, midsole 31 and bladder 40 are compressed
between the heel of the foot and the ground, thereby
attenuating ground reaction forces and absorbing energy
(i.e., imparting cushioning). As discussed above, tensile
member 60 is bonded to each of first barrier layer 51 and
second barrier layer 52 and is placed in tension by the
pressurized fluid. As bladder 40 is compressed between
the heeland the foot, therefore, bladder 40 is compressed
and the tension in tensile member 60 is relieved. Upon
removal of the compressive force caused by the foot and
the ground, the outward force induced by the fluid returns
the tension in tensile member 60.

[0062] A bladder 40a of the present invention is de-
picted in Figures 7-11 and has the general configuration
of bladder 40, as discussed above. Accordingly, bladder
40a includes an outer barrier 50a and a tensile member
60a. Barrier 50a includes a first barrier layer 51 aand a
second barrier layer 52a that are substantially imperme-
able to a pressurized fluid contained by bladder 40a. First
barrier layer 51a and second barrier layer 52a are bonded
together around their respective peripheries to form a
peripheral bond 53a and cooperatively form a sealed
chamber, in which tensile member 60a and the pressu-
rized fluid are located.

[0063] Tensile member 60a is a foam member that is
bonded to each of first barrier layer 51a and second bar-
rier layer 52a. The upper and lower surface of tensile
member 60a are generally planar and parallel. In contrast
with bladder 40, and more particularly tensile member
60, tensile member 60a defines five channels 62a that
extend laterally through tensile member 60a. In further
embodiments of the invention, the upper and lower sur-
face of tensile member 60a may be non-planar and non-
parallel, and the various channels 62a may extend lon-
gitudinally or both laterally and longitudinally through ten-
sile member 60a.

[0064] The pressurized fluid contained by bladder 40a
induces an outward force upon barrier 50a and tends to
separate or otherwise press outward upon first barrier
layer 51 a and second barrier layer 52a. Tensile member
60a is placed in tension by the fluid and retains the gen-
erally flat configuration of bladder 40a that is depicted in
the figures. As with bladder 40, direct bonding may be
an effective manner of securing barrier 50a and tensile
member 60a.

[0065] An article of footwear 10b is depicted in Figure
12 and includes an upper 20b and a sole structure 30b.
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Upper 20b has a substantially conventional configuration
and includes a plurality elements, such as textiles, foam,
and leather materials, that are stitched or adhesively
bonded together to form an interior void for securely and
comfortably receiving the foot. Sole structure 30b is po-
sitioned below upper 20b and includes two primary ele-
ments, a midsole 31b and an outsole 32b. Midsole 31b
is secured to a lower surface of upper 20b, through stitch-
ing or adhesive bonding for example, and operates to
attenuate forces and absorb energy as sole structure 30b
impacts the ground.

[0066] Midsole 31b includes a bladder 40b of the
present invention that is positioned in a heel region of
footwear 10b. A first surface of bladder 40b is secured
tothe lower surface of upper 20b, and an opposite second
surface of bladder 40b is secured to outsole 32b. In con-
trast with bladder 40, therefore, bladder 40b may be sep-
arate from (i.e., not encapsulated by) the polymer foam
material that forms other portions of midsole 31b. In fur-
ther configurations, however, bladder 40b may be en-
capsulated within the polymer foam material that forms
midsole 31b, or bladder 40b may extend through the lon-
gitudinallength of midsole 31b to support the entire length
of the foot.

[0067] The primary elements of bladder 40b, as de-
picted in Figures 13-19, are an outer barrier 50b and a
tensile member 60b. Barrier 50b includes a first barrier
layer 51b and a second barrier layer 52b that are sub-
stantially impermeable to a pressurized fluid contained
by bladder 40b. The pressurized fluid contained by blad-
der 40b induces an outward force upon barrier 50b and
tends to separate or otherwise press outward upon first
barrier layer 51b and second barrier layer 52b. Tensile
member 60b, however, is bonded to each of first barrier
layer 51b and second barrier layer 52b and is placed in
tension by the pressurized fluid, thereby restraining out-
ward movement of barrier 50b.

[0068] First barrier layer 51b and second barrier layer
52b are bonded together around their respective periph-
eries to form a peripheral bond 53b and cooperatively
form a sealed chamber, in which tensile member 60b and
the pressurized fluid are located. Suitable materials for
barrier 50b include any of the materials discussed above
with respect to barrier 50. Tensile member 60b is a pol-
ymer foam member that is bonded to barrier 50b. Al-
though adhesive bonding may be utilized to secure bar-
rier 50b and tensile member 60b, direct bonding may
also be suitable when both barrier 50b and tensile mem-
ber 60b are formed from thermoplastic polymers. Accord-
ingly, the polymer foam material of tensile member 60b
may be the thermoplastic polyurethane foam manufac-
tured by Huntsman International, L.L.C. under the
SMARTLITE trademark, or may also be the material pro-
duced through the process developed by Trexel, Incor-
porated and marketed under the MUCELL trademark.
Other suitable foams, whether thermoplastic or thermo-
set, may be utilized for tensile member 60b.

[0069] Tensile member 60, as discussed above, has
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a configuration wherein the surfaces bonded to barrier
50 are both planar and parallel. In contrast, tensile mem-
ber 60b includes an upper surface with a concave con-
figuration, and tensile member 60b includes a lower sur-
face that is generally planar. The concave configuration
of the upper surface provides bladder 40b with a concave
upper area that joins with upper 20 and forms a depres-
sion for securely receiving the heel of the wearer. Simi-
larly, the planar lower surface provides bladder 40b with
a generally planar configuration that joins with outsole
32b and forms a surface for contacting the ground. The
various contours for the surfaces of tensile member 60b
may vary significantly from the configuration discussed
above For example, the lower surface may incorporate
a bevel in the rear-lateral corner of footwear 10, or both
surfaces may be planar.

[0070] Whereas tensile member 60 extends continu-
ously between opposite sides of barrier 50, tensile mem-
ber 60b includes a plurality of intersecting channels 61b
and 62b that extend through the polymer foam material.
Channels 61b extend longitudinally from a front portion
oftensile member 60b to a back portion of tensile member
60b. Similarly, channels 62b extend laterally between the
sides of tensile member 60b. Channels 61b and 62b in-
crease the compressibility of tensile member 60b and
decrease the overall weight of bladder 40b. Although ten-
sile member 60b is depicted as having four channels 61b
and six channels 62b, any number of channels 61b and
62b are contemplated to fall within the scope of the
presentinvention. In addition, channels 61b and 62b may
extend only partially through tensile member 60b, rather
than extending entirely through tensile member 60b.
[0071] Channels 61b and 62b remove portions of ten-
sile member 60b and form a plurality of columns 63b that
extend between upper and lower portions of tensile mem-
ber 60b. The dimensions of columns 63b may vary sig-
nificantly depending upon the quantity and dimensions
of channels 61b and 62b. The dimensions of columns
63b have an effect upon the compressibility of bladder
40b, and one skilled in the relevant art may, therefore,
balance various factors such as the pressure of the fluid
and the dimensions of columns 63b to modify or other-
wise select a suitable compressibility. Other factors that
may affect the compressibility of bladder 40b include the
density of the polymer foam material and the thickness
of bladder 40b. The pressurized fluid within bladder 40b
places tensile member 60b in tension. Although upper
and lower portions of tensile member 60b are in tension,
a majority of the tension is induced in columns 63b. The
tension tends to stretch or otherwise elongate columns
63b. Accordingly, the dimensions of columns 63b may
also be selected to limit the degree of elongation in col-
umns 63b.

[0072] Channels 61b extend entirely along the longi-
tudinal length of tensile member 40b and exhibit a shape
that is generally rectangular, as depicted in Figures 15
and 16. Similarly, channels 62b extend entirely through
the lateral width of tensile member 60b and exhibit a
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shape that is generally oval, as depicted in Figure 14.
Although these are suitable shapes for channels 61b and
62b, the shapes of channels 61b and 62b may vary to
include circular, triangular, hexagonal, or other regular
or non-regular configurations. Channels 61b and 62b are
also depicted as having a constant shape through the
length and width of tensile member 60b, but may have a
non-constant, varying shape or varying dimensions. Ac-
cordingly, the configurations of channels 61b and 62b
may vary to impart different compressibilities or proper-
ties to different portions of tensile member 60b. For ex-
ample, channels 61b and 62b may have greater dimen-
sions in the rear-lateral portion of tensile member 60b in
order to decrease the overall compressibility of sole
structure 30b in the rear-lateral corner.

[0073] The upper and lower surfaces of tensile mem-
ber 60b are bonded to barrier 50b. The side surfaces of
tensile member 60b may, however, remain unbonded to
barrier 50b. The sidewalls of bladder 40b may bulge or
otherwise protrude outward due to the pressure of the
fluid within bladder 40b. In some embodiments, the side
surfaces of tensile member 60b may be entirely or par-
tially bonded to barrier 50b.

[0074] Tensile member 60b may be formed through
an injection molding process wherein the polymer foam
is injected into a mold having a void with the general
shape of tensile member 60b. Various removable rods
may extend through the void in locations that correspond
with the positions of channels 61b and 62b. Upon at least
partial curing of the polymer foam, the rods may be re-
moved and the mold may be opened to permit removal
of tensile member 60b.

[0075] With reference to Figures 20-23, another blad-
der 40c of the present invention is depicted as including
an outer barrier 50c and a tensile member 60c. As with
the prior embodiments, barrier 50c includes a first barrier
layer 51c and a second barrier layer 52c that are sub-
stantially impermeable to a pressurized fluid contained
by bladder 40c. The pressurized fluid contained by blad-
der 40c induces an outward force upon barrier 50c and
tends to separate or otherwise press outward upon first
barrier layer 51c and second barrier layer 52c. Tensile
member 60c, however, is bonded to each of first barrier
layer 51c and second barrier layer 52c and is placed in
tension by the pressurized fluid, thereby restraining out-
ward movement of barrier 50c.

[0076] First barrier layer 51c and second barrier layer
52c are bonded together around their respective periph-
eries to form a peripheral bond 53¢ and cooperatively
form a sealed chamber, in which tensile member 60c and
the pressurized fluid are located. Suitable materials for
barrier 50c include any of the materials discussed above
with respect to barrier 50. Tensile member 60c is a pol-
ymer foam member that is bonded to barrier 50c. Al-
though adhesive bonding may be utilized to secure bar-
rier 50c and tensile member 60c, direct bonding may also
be suitable when both barrier 50c and tensile member
60c are formed from thermoplastic polymers. According-
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ly, the polymer foam material of tensile member 60c may
be the thermoplastic polyurethane foam manufactured
by Huntsman International, L.L.C. under the SMARTL-
ITE trademark, or may also be the material produced
through the process developed by Trexel, Incorporated
and marketed under the MUCELL trademark. Other suit-
able foams, whether thermoplastic or thermoset, may be
utilized for tensile member 60c.

[0077] Tensile member 60c includes an upper surface
with a concave configuration, and tensile member 60c
includes a lower surface that is generally planar. The
concave configuration of the upper surface provides
bladder 40c with a concave upper area that joins with an
upper and forms a depression for securely receiving the
heel of the wearer. Similarly, the planar lower surface
provides bladder 40c with a generally planar configura-
tion that joins with an outsole and forms a surface for
contacting the ground. The various contours for the sur-
faces of tensile member 60c may, however, vary signif-
icantly from the configuration discussed above.

[0078] Tensile member 60c includes a plurality of
channels 61c and 62c that extend through or at least
partially into the polymer foam material and form columns
63c that extend between upper and lower portions of ten-
sile member 60c. Channels 61c extend laterally between
the sides of tensile member 60c. Channels 62c extend
into the polymer foam material in the rear portion and
form a radial configuration. That is, channels 62c extend
into the polymer foam material around the semi-circular
rear portion of tensile member 60c, and channels 62¢
intersect the rear-most channel 61c. In contrast with ten-
sile member 60b, tensile member 60c is not depicted as
having channels that extend longitudinally, but may have
longitudinal channels in further embodiments. Channels
61c and 62c increase the compressibility of tensile mem-
ber 60c and decrease the overall weight of bladder 40c.
[0079] Channels 61c and 62c are configured to selec-
tively increase or vary the compressibility of tensile mem-
ber 60c in different areas. Referring to Figure 21, the
channel 61c in a front area of tensile member 60c is ver-
tically-oriented. Subsequent channels 61c, however, be-
come increasingly diagonal or otherwise non-vertical as
channels 61 c extend rearward. In addition, the various
columns 63c also tend to become more non-vertical in
the rear area than in the front area. In compression, ver-
tical columns 63c will generally provide greater support
than non-vertical or diagonal columns 63c. Accordingly,
the orientation of channels 63c may be utilized to affect
or otherwise configure the compressibility of bladder 40c
in various areas. Furthermore, channels 62c may also
exhibit a non-vertical orientation to further increase the
compressibility of bladder 40c in the rear area.

[0080] The upper and lower surfaces of tensile mem-
ber 60c are bonded to barrier 50c. The side surfaces of
tensile member 60c may, however, remain unbonded to
barrier 50c. The sidewalls of bladder 40c may bulge or
otherwise protrude outward due to the pressure of the
fluid within bladder 40c. In some embodiments, the side
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surfaces of tensile member 60c may be entirely or par-
tially bonded to barrier 50c.

[0081] With reference to Figures 24-26B, a bladder
40d, which does not fall within the scope of the present
invention, is depicted as including an outer barrier 50d
and a plurality of tensile members 60d. Barrier 50d in-
cludes a first barrier layer 51d and a second barrier layer
52d that are substantially impermeable to a pressurized
fluid contained by bladder 40d. First barrier layer 51d and
second barrier layer 52d are bonded together around
theirrespective peripheries to form a peripheral bond 53d
and cooperatively form a scaled chamber, in which ten-
sile members 60d and the pressurized fluid are located.
[0082] Tensile members 60d are a plurality of discrete
foam members, which may have the configuration of col-
umns, that are bonded to each of first barrier layer 51d
and second barrier layer 52d. Tensile member 60d are
depicted as having generally uniform dimensions, but
may have different dimensions, such as height and thick-
ness. The upper and lower surface of tensile members
60d are generally planar and parallel, but may also be
contoured to provide a shape to bladder 40d.

[0083] The pressurized fluid contained by bladder 40d
induces an outward force upon barrier 50d and tends to
separate or otherwise press outward upon first barrier
layer 51d and second barrier layer 52d. Tensile members
60d are each placed in tension by the fluid and retain the
generally flat configuration of bladder 40d that is depicted
in the figures.

As with bladder 40, direct bonding may be an effective
manner of securing barrier 50d and tensile members 60d.
[0084] A bladder 40e of the present invention is de-
picted in Figures 27-29A and has the general configura-
tion of bladder 40, as discussed above. Accordingly,
bladder 40c includes an outer barrier 50e and a tensile
member 60e. Barrier 50e includes afirst barrier layer 51e
and a second barrier layer 52e that are substantially im-
permeable to a pressurized fluid contained by bladder
40e. First barrier layer 51e and second barrier layer 52e
are bonded together around their respective peripheries
to form a peripheral bond 53e and cooperatively form a
sealed chamber, in which tensile member 60e and the
pressurized fluid are located.

[0085] Tensile member 60e is a foam member that is
bonded to cach of first barrier layer 51e and second bar-
rier layer 52e. The upper and lower surface of tensile
member 60e arc generally planar and parallel, but may
also be contoured. In contrast with bladder 40, and more
particularly tensile member 60, tensile member 60e de-
fines a plurality of channels 61e that extend vertically
through tensile member 60e.

[0086] The pressurized fluid contained by bladder 40e
induces an outward force upon barrier 50e and tends to
separate or otherwise press outward upon first barrier
layer 51e and second barrier layer 52e. Tensile member
60e is placed in tension by the fluid and retains the gen-
erally flat configuration of bladder 40e that is depicted in
the figures. As with bladder 40, direct bonding may be
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an effective manner of securing barrier 50e and tensile
member 60e.

[0087] The present invention is disclosed in various
embodiments indicated above and in the accompanying
drawings with reference thereto. The purpose served by
the disclosure, however, is to provide an example of the
various features and concepts related to the invention,
not to limit the scope of the invention. One skilled in the
relevant art will recognize that numerous variations and
modifications may be made to the embodiments of the
present invention described above without departing
from the scope thereof, as defined by the appended
claims.

Claims
1. A bladder (40) comprising:

a sealedbarrier (50) defining an interior volume ,
the barrier having: a first portion (51) that forms
a first surface of the bladder, a second portion
(52) that forms an opposite second surface of
the bladder, and a sidewall portion that extends
between the first portion and the second portion
to form a sidewall of the bladder;

a tensile member (60) located within the interior
volume and bonded to the first portion (51) and
the second portion (52) of the barrier, the tensile
member being formed of a polymer foam mate-
rial,

and

afluid located within the interior volume, the fluid
being pressurized to place an outward force up-
on the barrier and induce tension in at least a
portion of the tensile member,

characterized in that the sealed barrier is
formed of a polymer sheet material and in that
the tensile member includes a first layer spaced
from a second layer and connected by a plurality
of columns (63), the first layer having an upper
surface, the upper surface being bonded to sub-
stantially all of the first portion (51) of the bladder
and the second layer having a lower surface,
the lower surface being bonded to substantially
all of the second portion (52) of the bladder.

2. The bladder (40) recited in claim 1, wherein at least
one of the first surface (51) and the second surface
(52) are non-planar.

3. Thebladder (40) recited in claim 1, wherein the side-
wall portion of the barrier (50) is substantially un-
bonded to the tensile member (60).

4. The bladder (40) recited in claim 1, wherein at least
a portion of a surface of the tensile member (60) that
is adjacent the sidewall portion of the barrier (50) is
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spaced from the sidewall portion of the barrier.

The bladder (40) recited in claim 4, wherein the sur-
face of the tensile member (60) that is adjacent the
sidewall portion of the barrier (50) has a concave
configuration.

The bladder (40) recited in claim 1, wherein the first
layer of the tensile member (60) has a concave con-
figuration.

The bladder (40) recited in claim 1, wherein the pol-
ymer sheet material and the polymer foam material
are polyurethane materials.

The bladder (40) recited in claim 1, wherein the ten-
sile member (60) has a first section and a second
section, a density of the first section being greater
than a density of the second section.

The bladder (40) recited in claim 1, wherein the ten-
sile member (60) dentines a plurality of channels (61)
extending into the polymer foam material.

The bladder (40) recited in claim 9, wherein the chan-
nels (61) extend through the tensile member (60).

The bladder (40) recited in claim 9, wherein a first
channel (61) is substantially perpendicular to a sec-
ond channel (62).

The bladder (40) recited in claim 11, wherein the first
channel (61) and the second channel (62) intersect.

An article of footwear comprising the bladder of any
one of claims 1 to 12.

Patentanspriiche

1.

Blase (40), aufweisend;

eine dichte Barriere (50), die ein inneres Volumen
festiegt, wobei die Barriere einen ersten Abschnitt
(5.1), der eine erste Oberflache der Blase bildet, ei-
nen zweiten Abschnitt (52), der eine gegenuberlie-
gende zweite Oberflache der Blase bildet, und einen
Seitenwandabschnitt, der sich zwischen dem ersten
Abschnitt und dem zweiten Abschnitt erstreckt, um
eine Seitenwand der Blase zu bilden, besitzt;

ein Zugelement (60), das in dem inneren Volumen
angeordnet und mit dem ersten Abschnitt (51) und
dem zweiten Abschnitt (52) der Barriere verbunden
ist, wobei das Zugelement aus einem polymeren
Schaummaterial gebildet ist, und

ein Fluid, das sich innerhalb des inneren Volumens
befindet, wobei das Fluid unter Druck steht, um eine
nach auf3en gerichtete Kraft auf die Barriere auszu-
Uben und einen Zug in zumindest einem Abschnitt
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des Zugelements zu induzieren,

dadurch gekennzeichnet, dass die dichte Barriere
aus einem polymeren Sheetmaterial gebildet ist, und
dass das Zugelement eine erste Schicht, die von ei-
ner zweiten Schicht beabstandet ist und durch eine
Vielzahlvon S&ulen (63) befestigtist, umfasst, wobei
die erste Schicht eine obere Oberflache besitzt, und
wobei die obere Oberflache im Wesentlichen mit
dem gesamten ersten Abschnitt (51) der Blase ver-
bunden ist, und wobei die zweite Schicht eine untere
Oberflache besitzt, und wobei die untere Oberflache
im Wesentlichen mit dem gesamten zweiten Ab-
schnitt (52) der Blase verbunden ist.

Blase (40) nach Anspruch 1, bei der die erste Ober-
flache (51) und/oder die zweite Oberflache (52) nicht
planar sind/ist.

Blase (40) nach Anspruch 1, bei der der Seitenwand-
abschnitt der Barriere (50) im Wesentlichen nicht mit
dem Zugelement (60) verbunden ist.

Blase (40) nach Anspruch 1, bei der zumindest ein
Abschnitt einer Oberflache des Zugelements (60),
der sich benachbart dem Seitenwandabschnitt der
Barriere (50) befindet, von dem Seitenwandab-
schnitt der Barriere beabstandet ist.

Blase (40) nach Anspruch 4, bei der die Oberflache
des Zugelements (60), die benachbart dem Seiten-
wandabschnitt der Barriere (50) angeordnet ist, eine
konkave Ausbildung besitzt.

Blase (40) nach Anspruch 1, bei der die erste Schicht
des Zugelements (60) eine konkave Ausbildung be-
sitzt.

Blase (40) nach Anspruch 1, bei der das polymere
Sheetmaterial und das polymere Schaumstoffriate-
rial Polyurethan-Materialien sind.

Blase (40) nach Anspruch 1, bei der das Zugelement
(60) einen ersten Bereich und einen zweiten Bereich
besitzt, wobei eine Dichte des ersten Bereichs gro-
Ber als eine Dichte des zweiten Bereichs ist.

Blase (40) nach Anspruch 1, bei der das Zugelement
(60) eine Vielzahl von Kanalen (61), die sich in das
polymere Schaummaterial erstrecken, festlegt.

Blase (40) nach Anspruch 9, bei der die Kanale (61)
sich durch das Zugelement (60) erstrecken.

Blase (40) nach Anspruch 9, bei der ein erster Kanal
(61) im Wesentlichen senkrecht zu einem zweiten

Kanal (62) ist.

Blase (40) nach Anspruch 11, bei der der erste Kanal
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(61) und der zweite Kanal (62) sich kreuzen.

13. Schuhwerk, aufweisend die Blase nach einem der

Anspruche 1 bis 12.

Revendications

Poche (40) comportant :

- une barriére scellée (50) délimitant un volume
intérieur et ayant :

*une premiére partie (51) constituant la pre-
miére surface de la poche, une seconde
partie (52) constituant la seconde surface,
opposée de la poche et une paroi latérale
entre la premiére partie et la seconde partie
pour former la paroi latérale de la poche,

- un élément de traction (60) placé dans le vo-
lume de la poche et fixé a la premiére partie (51)
et a la seconde partie (52) de la barriére, I'élé-
ment de traction étant une mousse de polymere,
et

- un fluide étant placé dans le volume intérieur,
le fluide étant mis sous pression pour exercer
une force dirigée vers I'extérieur sur la barriere
et induire une tension dans au moins une partie
de I'élément de tension,

poche caractérisée en ce que

la barriére scellée est une feuille de polymeére, et
- I'élément de traction comporte une premiere
couche espacée d’'une seconde couche, en
étant relié par un ensemble de colonnes (63),
* la premiére couche ayant une surface supé-
rieure, fixée pratiquement a toute la premiére
partie (51) de la poche et la seconde couche
ayant une surface inférieure, fixée pratiquement
sur toute la seconde partie (52) de la poche.

Poche (40) selon la revendication 1,

caractérisée en ce qu’

au moins la premiére surface (51) ou la seconde
surface (52) ne sont pas planes.

Poche (40) selon la revendication 1,

caractérisée en ce que

la paroi latérale de la barriere (50) est pratiquement
non liée a I'élément de traction (60).

Poche (40) selon la revendication 1,

caractérisée en ce qu’

au moins une partie d’'une surface de I'élément de
traction (60) adjacente a la paroi latérale de la bar-
riere (50) est espacée de la partie de paroi latérale
de la barriére.
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Poche (40) selon la revendication 4,

caractérisée en ce que

la surface de I'élément de traction (60) adjacente a
la paroi latérale de la barriere (50) a une forme con-
cave.

Poche (40) selon la revendication 1,

caractérisée en ce que

la premiéere couche de I'élément de traction (60) a
une forme concave.

Poche (40) selon la revendication 1,

caractérisée en ce que

la feuille de polymeére et la mousse de polymere sont
en polyuréthane.

Poche (40) selon la revendication 1,

caractérisée en ce que

I’élément de traction (60) a une premiére et une se-
conde section, la densité de la premiéere section étant
supérieure a celle de la seconde section.

Poche (40) selon la revendication 1,

caractérisée en ce que

I’élément de traction (60) forme un ensemble de ca-
naux (61) se développant dans la mousse de poly-
mere.

Poche (40) selon la revendication 9,
caractérisée en ce que
les canaux (61) traversent I'élément de traction (60).

Poche (40) selon la revendication 9,

caractérisée en ce qu’

un premier canal (61) est pratiquement perpendicu-
laire a un second canal (62).

Poche (40) selon la revendication 11,
caractérisée en ce que

le premier canal (61) et le second canal (62) se cou-
pent.

Article chaussant comportant une poche selon I'une
quelconque des revendications 1 a 12.
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